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PROBLEM TO BE SOLVED: To obtain the subject new enzyme holding the activity even 
in boiling water, having an excellent starch-liquidizing ability even under an acidic 
condition, and useful for improving a starch-liquidizing process, etc., by culturing an 
ultrathermoresistantbacterial strainKOD-1-andsDbsequentIy separatingthe enzyme from" 
the culture solution. 

SOLUTION: This ultrathermoresistant acidic a-amylase has an amino acid sequence of 
the formula or the amino acid sequence of the formula wherein one or more amino acids 
are deleted, added or replaced, has the optimal pH of approximately 5.0 and the optimal 
temperature of approximately 100°C at a pH of 5.0, and retains the activity of at least 
50%, after thermally treated at a pH of 5.0 and at a temperature of 100°C in the absence 
of starch and calcium ions for 3hr. The new a-amylase has a starch- liquidizing ability 
under acidic and high temperature conditions, and thereby is useful for improving a 
starch-liquidizing process, etc. The enzyme is obtained by inoculating the ultrathermophilic 
bacterium strain KOD-1 (FERM P-15007) on a culture medium, culturing the bacterium at 
85°C for 14hr, centrifuging the cultured solution, and subsequently concentrating the 
obtained supernatant with an ultrafiltration membrane. 
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L. MgCl 2 6HjO 5.5 g/U MgS0 4 -7H 2 0 6.9 g/L) , .^S 
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[0043] HJSM2 a-T5 7— fe'St^itfef 7 )? 
a— 

( 1 ) K0D-H**^C0^fe#:DNAOPI^ 
HM^I 1 ^ig*-Ci#^fL^ffift 1 g^l0ml£7)Ai§^ (50m 
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1 % N - 7 -7 U ^ ayy^A Jgjfc 3«l£ » L 
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col i JMiow ayffyb -fe;i4c$?.Jn I . %.<P tc30^S 
Stiff Lfc»- 4ZC-C2$Ha»«BLfc. Cil£1.5m]eDh 

Trb^l «V BI#x4fX0.5%. NaCl 0.5%#>£>3r& 
tm (OT rLBfS*fij £v >d ) KffliU. 3TCT 1B# 
L . 3 <T>m»m £ 100 At g/ml T^ty l> V. 200 
Atg/nl ^7'Dt-4-^na-3-^ / K *))V-&-to-iiy9 

ht^VyK ( X-gal ) . 24jug/ml 4 V 7a tVP-/3 -0- 
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v- 'J y v-ktsLBrntmomi tc^a t . itcx-— &m t o 

fllzi—^, 25mM Tris-HCK lOmM EDTA N pHS.O) Sml 
IzmM L . i tL{C50mg/inl 'J Vf— AJ§j£ 2 ml y JD £ „ 
*«t>fc5^-iate#s ^^^T-SDS?^ (0.2N NaOH. 1%SD 
S)20mi$rini, *«t»t:io»Blt5&. SMKM^U^a 
(pH4.8) 15ml Ztax.* *4"{C30^B^. 

X* FDNA*[1I)RL7^. mULtzTy^ KDNA*r8ml^ 
TEmmizmmL. ZOus/mlt^^XoiZRNaseA^m 

37ct i Bsrasaa. H)S7xy-;w«ai. x^y 

mzmmiti* #^75x5 hdnas- ( 2 > tiea 
o^x-Pst 1 izx mm l , 1 %7#n-^^tii 

ftj£fiV>, A /Hindi II digest- ^X174/HaelII dige 
st <JKi¥t8ttl!) W^v-*-i LT. 7^5 K 

DNA±C0tf ADNABR)tO^§ $*M^Lfcfc i *%.2K 
b-Cfcofc. *77Xi KDNASr P AA-7fc^L 

[0048] (5)7 o— - >72ixfzmmft(r>t&m 

tmwxmmzi^xi&minikm.my'y*^ 

h (SSittiM) i^c. ^x^^S/^JiAutoRead 
Sequencing Kit (7r^7y7aJ3) ^fflW A.L.F.D 

?'j*^L?t„ *c&. -xmzzti^tin&mmwmizfe 

[0049] Jf ADNA|Bi^<OJgaie^J(is li 

?|«<oi^?l|#-f•l^^*-r3lo-c^> , ?. if adnak 

£-cD£;Rli217%pT'*> o fe. * t>tlfzmm)iWZ 

m<ow?m-% 2 iz^-tT s smmnz-tAsX'Wz. z\<n 

T 5 ygS^iJS-^acOPyrococcus furiosus DSM 3638^ 
&*c9jgI}»tta-7*$5-- fe' (m^^HWO 94/19454 
^) OT$SWm9t\timLtztZ\?>. ^mzhtz-yX 

m\%crmm' s m>t>i\fz mimm . 

[0 0 50] H*fc<$«3 ^3-Xc0l?it 
( 1 ) t&fal})\,is*7Mz J; 2.^41^1* 
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(7) 



1 73077 



SlfcfcftUfc. a-7$7-mi MBIM«>?Jt (PH6. 
0) (C150 DUN/ml (C^-S J; ■? (cjni. , t&fb^./l- 0 
S3tt±l«#«3j:t/SH (^>x-v?#100 ) 0. 10. 20. 

a-7;7-fe'll t&itA'l^^Aii^X/mncr, 
<fc OS^t i t iftHZtvfi: . 1 DUNJi 1 z/* 

Wi- 3^>T>« (PH6.0, M/10iftS»*?S) 10 ml 
tClmlO!#fR£fln;c. 40*C. 14HBWWfl£-tf;fclJN 1 2 M 
fell*- 1 JBfcJ^-g-SSHifcjaaft-S . 
[005 1 ] ( 2 ) &f£i$|g|<?)SMi 

4 : **|30 (WA) XjRKO-r^Tyx^'J— «C, a-T 5 
^— fe*5~ 15 DUN/ S DS£^JnU pHS:4.0--6.0tPS-t 

4 ; Ja-fL^^i">A^?3sJPt-a{fP«^S^tt* : *iJD$ 



ix#&, issjirrsaiKiisyaia^jtr&fc 0-5 mug 

^ y^-T'105-120r . 5#iaifcffc£fT5 ; 

pH*4.5tlifi-^i> : Aspergillusg&Jfc^WrJTS^— 
-te'4U/gDS£mjQ-t& ;6ffC. 4SB#ra*g ft^-^T 3 . KJB 

[0052] r>7">m«3o (w/v) mmm.15 dun/ s 

°C (?SfL(Cti3/x-y h?'-y#-£ttffl) ^#T'*!y£B# 
fflzrO frmtfclMSftmt LXtlVzi-z. (Gl) 

§ c t WnkZtit: . 

[0053] 
[*1 ] 



GI(X) 



G2CX) 



G3C95) 



G4<(*) 



0 
45 



95. 732 
95.648 



1.348 
1.286 



1.649 
1. 857 



1-271 
1. 209 



[0054] ( 3 ) *1HtpH<7)i£i5 

•fyyymmjo (w/v) n^iis dun/sds. ti-fb^i' 

5">A«gl«M. jfrfcfi£l05T: (MfLlCti^x/ 

•/ . »j^BM5#iak^ft-ciafla>H^4.o 



H6.oeolBIT'tiffl[-ftxgt:||3& J ^:Ui U Cixt 
A> . ; tOlEBkOpHTliM f t HU<7)pHt)3g£qFgT'£> & .1 <h 
[0055] 



[SI2] 





Gl«) 


G200 


6.0 


. 94. 088 


1. 755 


5.0 


92. 426 


2. 606 


4.0 


95. 934 


1. S09 



G3<« 



G4<(S0 



1. 821 2. 336 
1. 627 3. 341 
0. 852 1. 305 



[0056] mm 4 h -Xcr>mM 

< i ) mmtantim 

^-*'5U/gD5£g«-£ : 55*C. 4&mmmikZ'ff o . 
[00 57] x>T>mS30 (W/V) X. gg5S*15 DUN/g 

SMSBfM Gl(X) C2CX) 

0 1.493 60. 001 

45 1.974 56.911 



Pa^0^rai^(4455)-@J;LT-7;Ph-X (G2) 

[0058] 
[H3] 



G3(X) G4<(X) 
14. 886 23. 620 
17. 780 23. 335 



[0059] ( 2 ) ?&fb>H<?)iJ« 

?>~r>m%30 (W/V) %. B£5gil5 DUN/gDS. mt*)V 
v-^Ajt^lmM. jBHtiB«105X: (Mbt:{i^'x vb7 
•y^-S:«ffl) , S*jSc;^45^iO^frTlg'fkpH^4.0 



— 6.0<7)[gT'^t$-^T. (G2) cO^MS: 
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17 30 



mz t Rg&ife&fifr V ^i^. ; <OEHOpHT«JR-ft; [0060] 





Gltt) 


G2(*) 


G3(« 


G4((S) 


6.0 


2. 643 


55. 835 


18- 538 


22. 984 


5.0 


2. 688 


55. 629 


18. 672 


23.013 


4.0 


I. 307 


61.642 


10. 092 


26. 959 



[006 1] 

tf >'^°^ iBHtSE£3r?- & WifcHSRtt $■ t oisit a - 

CTGCAGGTCG AGGCTGAAAG AATAGTTATG 
GACAGGGAAG CCCTCAAGGC CCTTATAAAG 
CAGCCAGTCA TAAAGAGAAT TTCAGATGCC 
CACCTCCTCA ACATGCTCGT CTTCTTCCAG 
GTTAAAGACC TCATCTCGTT CTGATGCATC 
AAGTTGTTGG CAACTCCAAC GTAACATAAA 
AGTAATGTTC TCCAATGTTC TTAAATGGCA 
TAGAGACACC GCTGAACACA GAGGTGGTTC 
CATGTTTTTC GTAGTGAGCA TGGCTGCCGT 
CGAACTCGAA GAAGGCGGCG TTATAATGCA 
AATCTGGTGG GATACAATCA GAAGCAAGAT 
CATCTGGATT CCGCCAGCCA GCAAGGGCAT 
ATACGACTTC TTCGACCTCG GCGAGTACAA 
CTCAAAGCAG GAGCTTATCA ACATGATAAA 
AGCTGATATC GTCATAAACC ACCGCGCGGG 
GGACTACACC TGGACGGACT TCTCGAAGGT 
CGACTTCCAC CCCAACGAGG TCAAGTGCTG 
CATAGCCCAC GAGAAGGAGA GGGACCAGCA 
CGCCTACCTC AGGAGCATCG GCGTTGATGC 
AGCGTGGGTC GTCAAGGACT GGCTCAACTG 
GGACACGAAC GTTGATGCAC TCCTCAATTG 
CHCCCGCTC TACTACAAAA TGGACGAGGC 
TGATGCCCTC CAGAACGGGG GAACCGTCGT 
TGTAGCAAAC CACGACACCG ATATAATCTG 
CACCTACGAG GGCCAGCCCG T CAT ATT CT A 
CAAGCTTAAC AACCTAATCT GGATACACGA 



[0063] 
[0064 ] 
E5Qtf>ft§ : 2179 

: mm 

:genomic DNA 



8«:KOD-l <Sf£#^FERM P-15007) 



AT ACT CG AAA 

GAAGTCCTCA 

AACATTGAAC 

AGCTGCGAGC 

CATTCTTGTT 

GACACAAAAC 

AAACTTAAAT 

CATGAAGAAG 

TGCACAGCCA 

GGCCTTCTAC 

ACCGGAGTGG 

GGGAGGAGCT 

CCAGAAGGGA 

CACCGCCCAT 

CGGAGACCTC 

GGCCTCGGGC 

TGACGAGGGC 

CTGGCTCTGG 

CTGGCGTTTC 

GTGGGGCGGC 

GGCATACTOG 

CTTTGACAAC 

CTCTCGCGAC 

GAACAAGTAC 

CCGCGACTAC 

CCACCTCGCG 



AGAGTGGCTT 
ATACAATCGA 
TGACGGAGAT 
TCTGCGATCA 
AATTTCTATT 
CAATATTGAG 
ATTTCACCAG 
TTTGTCGCCC 
GCTAGCGCCG 
TGGGACGTTC 
TACGAGGCTG 
TATTCAATGG 
ACAGTTGAAA 
GCCTACGGCA 
GAGTGGAACC 
AAATATACCG 
ACATTTGGAG 
GCGAGCGACG 
GACTACGTAA 
TGGGCCGTCG 
AGCGGCGCCA 
ACCAACATCC 
CCGTTCAAGG 
CCTGCTTATG 
GAGGAGTGGC 
GGTGGAAGCA 



CCAGATAAAG 

ACTCCGCTCT 

AGAGCTGTTC 

CGCGAAAAGA 

TTGGACTTTC 

CATTGTGCAT 

CAGTGATACA 

TGCTCATAAC 

CAAAGTATTC 

CAGCGGGAGG 

GAATCTCCGC 

GCTACGACCC 

CTCGCTTTGG 

TAAAGGTCAT 

CGTTCGTTGG 

CCAACTACCT 

GTTTCCCAGA 

AGAGCTACGC 

AGGGCTACGG 

GTGAGTACTG 

AGGTCTTCGA 

CGGCCTTGGT 

CCGTAACCTT 

CTTTCATCCT 

TCAACAAGGA 

CGAGCATAGT 



60 
120 
ISO 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
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(9) 



&m¥9- 17 307 7 



CTACTACGAC AGCGACGAGC TGATCTTCGT GAGGAACGGC GACTCCAAGA GGCCGGGACT 1620 

GATAACGTAC ATCAACCTCG GCTCTAGCAA GGTCGGAAGG TGGGTGTACG TGCCGAAGTT 16S0 

CGCGGGCGCG TGCATCCACG AGTACACCGG CAACCTCGGA GGCTGGGTAG ACAAGTACGT 1740 

CGAGTCGAGC GGCTGGGTCT ATCTCGAAGC TCCAGCTTAC GACCCCGCCA GCGGGCAGTA 1800 

CGGCTACACC GTCTGGAGCT ACTGCGGGGT TGGATGATAG CCCCCCTTTT CATTCCTTTT 1S60 

GGATTTCATA GACCTCATCC GTTAGATAAT TTCCTGTAAC TCTCTCGACC GGAATCTCM 1920 

CCGTCCCATT TCCTGTTTCA ATTCTTACCA GCACATCGTA GAGCCTCCCC CTCACTTCGA 1980 

CGGTITCGTT CACGCAGGTG GTCTCATTCG CTGTCCTGAA CTTGAAGATT AGTATTGCAT 2040 

TCCTCTCTAG GCTGTAACCT ATGTAAATGG CATTGAGACA GCCGGTCAAG GTTATGCGTC 2100 

TCGTTAAGGC AT CAT CA AG A GTTTTGTAGC AGTTCTCTCT CCTGAAAACA AAAGTGTCAT 2160 

TCTGGCTCTC CCCCTGCAG 2179 
[0 0 6 5] TSygf 
[ K3*J#^ 2 ] h rfCD S/- : M&M 

Ala Lys Tyr Ser Glu Leu Glu Glu Gly Gly Val lie Met Gin Ala Phe 

15 10 15 

Tyr Trp Asp Val Pro Ala Gly Gly He Trp Trp Asp Thr He Arg Ser 

20 25 30 

Lys lie Pro Glu Trp Tyr Glu Ala Gly lie Ser Ala He Trp He Pro 

35 40 45 

Pro Ala Ser Lys Gly Met Gly Gly Ala Tyr Ser Met Gly Tyr Asp Pro 

50 55 60 

Tyr Asp Phe Phe .Asp Leu Gly Glu Tyr Asn Gin Lys Gly Thr Val Glu 
65 70 75 80 

Thr Arg Ph e Gly Ser Lys Gin Glu Leu lie Asn Met H e Asn Thr Ala 

85 90 95 

His Ala Tyr Gly lie Lys Val He Ala Asp He Val He Asn His Arg 

100 105 110 

Ala Gly Gly .Asp Leu Glu Trp Asn Pro Phe Val Gly Asp Tyr Thr Trp 

115 120 125 

Thr Asp Phe Ser Lys Val Ala Ser Gly Lys Tyr Thr Ala Asn Tyr Leu 

130 135 140 

Asp Phe His Pro Asn Glu Val Lys Cys Cys Asp Glu Gly Thr Phe Gly 
145 150 155 160 

Gly Phe Pro Asp He Ala His Glu Lys Glu Trp Asp Gin His Trp Leu 

165 170 175 

Trp Ala Ser Asp Glu Ser Tyr Ala Ala Tyr Leu Arg Ser He Gly Val 

180 185 190 

Asp Ala Trp Arg Phe Asp Tyr Val Lys Gly Tyr Gly Ala Trp Val Val 

195 200 205 

Lys Asp Trp Leu Asn Trp Trp Gly Gly Trp Ala Val Gly Glu Tyr Trp 

210 215 220 

Asp Thr Asn Val Asp Ala Leu Leu Asn Trp Ala Tyr Ser Ser Gly Ala 
225 230 235 240 

Lys Val Phe Asp Phe Pro Leu Tyr Tyr Lys Met Asp Glu Ala Phe Asp 

245 250 255 

Asn Thr Asn He Pro Ala Leu Val Asp Ala Leu Gin Asn Gly Gly Thr 

260 265 270 

Val Val Ser Arg Asp Pro Phe Lys Ala Val Thr Phe Val Ala Asn His 
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275 280 285 

Asp Thr Asp lie He Trp Asn Lys Tyr Pro Ala Tyr Ala Phe He Leu 

290 295 300 

Thr Tyr Glu Gly Gin Pro Val lie Phe Tyr Arg Asp Tyr Glu Glu Trp 
305 310 315 320 

Leu Asn Lys Asp Lys Leu Asn Asn Leu He Trp He His Asp His Leu 

325 330 335 

Ala Gly Gly Ser Thr Ser lie Val Tyr Tyr Asp Ser Asp Glu Leu lie 

340 345 350 

Phe Val Arg Asn Gly Asp Ser Lys Arg Pro Gly Leu He Thr Tyr lie 

355 360 365 

Asn Leu Gly Ser Ser Lys Val Gly Arg Trp Val Tyr Val Pro Lys Phe 

370 375 380 

Ala Gly Ala Cys He His Glu Tyr Thr Gly .Asn Leu Gly Gly Trp Val 
385 390 395 400 

Asp Lys Tyr Val Glu Ser Ser Gly Trp Val Tyr Leu Glu Ala Pro Ala 

405 410 415 

Tyr Asp Pro Ala Ser Gly Gin Tyr Gly Tyr Thr Val Trp Ser Tyr Cys 
420 425 430 

Gly Val Gly 

435 

[01 ] a-7S5- fc'<0#pMC:fett&ffl*f:Stt£f|-r 
[02 ] pH5.0TO#a«tCt5(ti»ffiMai±^^-r^^ 
[03] PH5.0, 100°ClzTm*comfflUiM>Lttkcr>mf 



[04 ] KOD-Hf ^tfTP-furiosus DSM 363St*li33t<7) a 
[05 ] a-TS 9— t&>$^&£fifc;#/l o-">A#*iJ 



[Ell ] 



[02] 



100 



CM 



50 



A.0 4.5 SO 55 
PH 



100 



48 
(•/.) 



50 



80 90 



TOO CO 
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[04] 



KOD-1 AKYSELEEGGVIMQAFYWDVPAGGIWWDTIRSKIPFWYEAGISAIWJPPA 50 

Ml t J I I I M I I ! 1 I I I I I I MINI I I I II 1 I I I t I] I I I I I II 

P. furiosus DSM 3638 AKYLELEECCVlMQAPfV¥DVPCGGIWWDHIR5KIPEl(n r EAGI5AIWL PPP 50 

SKGM-GGAYSMGYDPYDFFDLGEYHQKGTVETRFSSKQELIWINTAKAY 99 

mi it ii 1 1 1 1 1 1 1 Him t m 1 1 ii 1 1 1 1 1 1 1 i lint 

P. furiosus DSJf 3638 SKGM5GG-YSMGYDPYDYFDLGEYYQKG7VETRFG5KEELVRLIQTAKAY 89 

- VQgij <^IKVIA03VXNKRAGG1^EWNPFVGDYT^ 149- 

n r I I III I I I I 1 I I I I t I J I I i I I [ I I I I I I I I I I M I I I I I I I I I I ) 1 I I 

P. furiosus BSM 3638 GIKVIAOWINHRAGGDLEWNPFVGDYTViTOFSKVASGKYTAMYLDFHPN 149 

KOD-1 EVICCCDECTFGGFPDIAHEKEIVDQHWLTOSDE5YAAYLRSIGVDAWRFDY 199 

I I M M I I I 1 1 1 I I t I M H M I I I I I J I i I I J f I I ) 1 M i 

P. furiosus I>SM 363S ELHCCDEGTFGGFPDICKHKEWDQYVLNKSNESYAAYLRSIGFDGiYRFDY 199 

10J>'\ V K G Y G AWWKDWt N WGGWA V G E Y W DT N VDA L L NWA Y S S G AKVF DFPL Y Y 249 

I 111 M II I M II I I M M M M I I I I I M M Ml I M i M M M M 

P. furiosus DSIf 3638 VKGYGAVAVRCmKWGGWAVGEYWDTWVDALLSVFAYESGAKVFDFPLYY 249 

KOD-1 KMDEAFCWTN1PALVDALQNGGTVYSRDPFKAVTFVAMHDTPIIKNKYPA 299 

I I I I M I I MIDI Mill M M I M I I II I M M I M M I M M II 

P. furiosus DSH 3636 KMOEAFDNWNlPALVYALQNGQTVVSRDPFKAVTFVAMMDTt>IIWNKYPA 299 

KOni YAFILTYEGQPVIFYRDYEEWLKKDKLKMLIWIHDHLAGGSTSIVYYDSD 349 

1 Hllllllliillllll M I M J M I I I M II I M II I M MM) I 

P. furiosus BSM 3638 YAFILTYEGQPVIFYRDFEEWLNKDKLIHLIWIHOHLAGGSTTIVYYDND 349 

ELIFVRNGDSKRPGLITYINLGSSK-VGRWVYVPKFAGACIHEYTGNLGG 398 
AUy 1 M M M II M M M I II I M I I I I 1 1 I 1 ! 1 1 II I I I I I II I 1 I I i 

P. furiosus DStt 3638 ELIFVRNGDSRRPGLITYINL-SPMWVGRWVYVPKFAGACIKEYTGNLGG 393 

WVDKYVES5Gm/YLEAPAYEff>ASGQY6YTVrf5YCGVG 435 

KOD-1 Mil I M M I M I M I M t Ml M M M M 

P. furiosus DSM 3638 VfVDKRVPSSGWVYLEAPPHDPANGYYGYSVWSYCGVC . 435 
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WIST 9- 1 7 3 077 



[1215] 




(51) Int. CI . 6 
//(C 1 2N 
C 1 2R 
(C 1 2N 
C 1 2R 
(C 1 2N 
C 1 2R 



15/09 
1:01) 
1/21 
1:19) 
9/30 
1:19) 



ZNA 



F I 



(72) /Nft 
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